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(54) Resonator cavity end wall assembly 

(57) An electromagnetic resonator (1 0) comprises a 
waveguide body (12) having a generally tubular side 
wall (14) i and a pair of end wall assemblies (18). The 
end wall assembly (18) includes a bowed aluminum 
plate (22) and an INVAR disk (24), attached to one 
another at the periphery thereof. The INVAR disk (24) 
irK^udes a relaitivefy thick outer annular portion (30) and 
a relatively thin inner circular portion (32). The bowed 
aluminum plate (22) : bows in response to increased 
temperature, thereby counteracting expansion of the 
waveguide body (12). 
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Description 1 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 

[0001 ] This invention relates to thermal stabilization of 
a single cavity structure, or a multiple cavity structure 
(wherein cylindrical cavities are arranged coaxial fy in 
tandem, as in the construction of a microwave filter of 
plural resonant chambers, or cavities), and, more partic- 
ularly, to an arrangement of one or more cavities 
employing at least one transverse bowed end wall 
including materials with differing coefficients of thermal 
expansion to provide selected ratios of thermally 
induced deformation of the end wall to counteract 
changes in resonance induced by thermal expan- 
sion/contraction of an outer cylindrical wall of the cavity 
structure. 

(b) Description of Related Art 

[0002] Cavity structures are employed for microwave 
filters. As is known in the art, a cavity resonator is, in 
effect, a tuned circuit which is utilized to filter electro- 
magnetic signals of unwanted frequencies from input 
electromagnetic energy and to output signals having a 
preselected bandwidth centered about one or more res- 
onant frequencies. A cavity which is frequently 
employed for a cavity resonator has the shape of a right 
circular cylinder wherein the diameter and the height (or 
the axial length) of the cavity together determine the 
value of a resonant frequency. For filters described 
mathematically as multiple pole filters, it is common 
practice to provide a cylindrical housing with transverse 
disc shaped partitions or walls defining the individual 
cavities. Irises in the partitions provide for coupling of 
desired modes of electromagnetic waves between the 
cavities to provide a desired filter function or response. 
[0003] A problem arises in that changes in environ- 
mental temperature induce changes in the dimensions 
of the filter with a consequent shift in the resonant fre- 
quency of each filter section. Because the resonant fre- 
quency associated with each cavity is a function of the 
cavity's dimensions, an increase in temperature will 
cause dimensional changes in the cavity and. therefore, 
temperature-induced changes in the resonant fre- 
quency associated with the cavity. Specifically, an 
increasing temperature will cause thermal expansion of 
the waveguide body to enlarge the cavity both axially 
and transversely. 

[0004] A filter fabricated of aluminum undergoes sub- 
stantial dimensional changes as compared to a filter 
constructed of invar nickel-steel alloy (herein referred to 
as "INVAR") due to the much larger thermal coefficient 
of expansion for aluminum as compared to INVAR. 
However, it is often the case that aluminum is neverthe- 
less a preferable material for constructing filters, espe- 



cially for aerospace applications, due to its lower 
density, as well as its greater ability to dissipate heat, as 
compared to that of INVAR. 

[0005] A solution to the foregoing problem, useful 

5 especially for a two-cavity filter, is presented in U.S. Pat. 
No. 4,677,403 of Kich (hereinafter, "the '403 patent"), 
the entirety of which is hereby incorporated by refer- 
ence. Therein, an end wall of each cavity is formed of a 
bowed disc, while a central wall having an iris for cou- 

10 pling electromagnetic energy has a planar form. An 
increase of temperature enlarges the diameter of each 
cavity, and also increases the bowing of the end walls, 
with a consequent reduction in the axial length of each 
cavity. The resonant frequency shift associated with the 

15 increased diameter is counterbalanced by the shift 
associated with the decrease in length. Similar compen- 
sation occurs during a reduction in temperature wherein 
the diameter decreases and the length increases. 
[0006] Another approach is presented in U.S. Pat: No. 

20 5.374,91 1 of Kich et al. (hereinafter, "the '91 1 patent"), 
the entirety of which is hereby incorporated by refer- 
ence, and which, discloses a cylindrical filter structure 
of multiple cavities with a succession of transverse walls 
defining the cavities. Selected ones of the transverse 

25 walls provide for thermal compensation. Each of the 
selected transverse walls is fabricated of a bowed disc 
encircled by a ring formed of material of lower thermal 
expansion coefficient than the material of the transverse 
wall. Inner ones of the transverse walls are provided 

30 with irises for coupling electromagnetic power between 
successive ones of the cavities. By varying the compo- 
sition of the rings to attain differing coefficients of ther- 
mal expansion within the rings, different amounts of 
bowing occur in the corresponding transverse discs with 

35 changes in temperature. Thus, the ring of an inner 
transverse wall has a relatively large coefficient of ther- 
mal expansion as compared to the ring of an outer one 
of the transverse walls, resulting in a lesser amount of 
bowing of the inner wall and a larger amount of bowing 

40 of the outer wall with increase in environmental temper- 
ature and temperature of the filter. 
[0007] In a preferred embodiment disclosed in the 
'911 patent, the housing is constructed of aluminum, as 
is a central planar transverse wall having a coupling iris. 

45 The other transverse walls, both to the right and to the 
left of the central wall, are provided with a bowed struc- 
ture, the bowed walls being encircled by metallic rings. 
The inboard rings nearest the central wall are fabricated 
of titanium, and the outboard rings are fabricated of 

so INVAR. The INVAR has a lower coefficient of thermal 
expansion than does the titanium and, accordingly, the 
peripheral portions of the outboard walls, in the cage of 
a four-cavity structure, experience a more pronounced 
bowing upon a increase in environmental temperature 

55 than do the inner walls which are bounded by the tita- 
nium rings having a larger coefficient of thermal expan- 
sion. 

[0008] The reason for the use of the rings of differing 
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coefficients of thermal expansion is as follows. Deflec- 
tion of an inboard wall reduces the axial length of an 
inner cavity, on the inner side of the wall, while increas- 
ing the dial length of an outer cavity, on the opposite 
side of the wall, with increasing temperature. Thus, the 
inboard wall acts in the correct sense to stabilize the 
inner cavity but in the incorrect sense for stabilization of 
the outer cavity. Accordingly, in stabilizing the outer cav- 
ity by means of the outer wall, it is necessary to provide 
an additional bowing to overcome the movement of the 
inboard wall, to thereby stabilize thermally the outer 
cavity. 

[0009] One disadvantage associated with a resonator 
structure constructed in accordance with either the '403 
patent or the *91 1 patent is that the relatively thin alumi- 
num disk used for the end wall, that is capable of bowing 
in response to increased temperature, has a tendency 
to exhibit undesirable thermal gradients across the sur- 
face of the end wall, resulting in a frequency shift when 
RF power is applied. 

[001 0] Accordingly, there is a need for an electromag- 
netic resonator end wall assembly configured so as to 
minimize or eliminate the aforementioned problems. 

SUMMARY OF THE INVENTION 

[001 1] In accordance with one aspect of the present 
invention, an end wall assembly for an electromagnetic 
filter comprises a first plate made from a material having 
a first coefficient of thermal expansion, and a second 
plate attached to the first plate and made from a mate- 
rial having a second coefficient of thermal expansion 
substantially less than the first coefficient of thermal 
expansion. 

[0012] Preferably, the first plate is made from alumi- 
num and the second plate is made from INVAR. The 
second plate is preferably bolted or otherwise attached 
to the periphery of the first plate. 
[0013] In accordance with another aspect of the 
present invention, an electromagnetic filter comprises a 40 
resonator having a housing, including an end well 
assembly. The housing defines a substantially cylindri- 
cal cavity and the end wall assembly includes a first 
plate adjacent to the cylindrical cavity and made from a 
materiad having a first coefficient of thermal expansion. 45 
The end wall assembly further includes a second plate 
attached to the first plate, the second plate having a 
second coefficient of thermal expansion substantially 
less than the first coefficient of thermal expansion. 
[0014] In accordance with still another aspect of the so 
present invention, an electromagnetic filter comprises a 
resonator having a housing, including an end wall 
assembly, the housing defining a substantially cylindri- 
cal cavity. The end wall assembly includes a first plate 
adjacent to the cylindrical cavity, having a periphery, ss 
and made from a material having a first coefficient of 
thermal expansion. The end wall assembly further 
includes a second plate attached to the periphery of the 



first plate, the second plate having a second coefficient 
of thermal expansion substantially less than the first 
coefficient of thermal expansion. The periphery of the 
first plate is substantially constrained from radial expan- 
sion in response to elevated temperature, the first plate 
is adapted to bow away from the second plate in 
response to elevated temperature, and the first and sec- 
ond plates are adapted to bend in response to elevated 
temperature, due to a bimetallic effect 
[0015] A resonator in accordance with the present 
invention has optimal thermal stability, while permitting 
the use of thicker aluminum plates for the end wall 
assembly, thereby reducing the severity of thermal gra- 
dients across the surface of the end wall assembly, and 
reducing resultant frequency shifts when RF power is 
applied. 

[0016] The invention itself, together with further 
objects and attendant advantages, will beat be under- 
stood by reference to the following detailed description, 
taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] 

FIG. 1 is a longitudinal, fragmentary cross-sectional 
view of a cavity resonator with an end wall assem- 
bly in accordance with the present invention; 
FIG. 2 is a plan view of the end wall assembly of 
FIG. 1; 

FIG. 3 is a bottom view of the end wall assembly of 
FIG. 1; and 

FIG. 4 is a cross-sectional view, similar to that of 
FIG. 1, showing the end wail assembly at an ele- 
vated temperature. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0018] FIG. 1 illustrates a preferred embodiment of a 
cavity resonator or filter, generally indicated at 10. con- 
structed in accordance with the present invention. The 
resonator 10 comprises a waveguide body 12. prefera- 
bly made from aluminum and having a generally tubular 
sidewail 14 generally disposed about a central axis 16, 
and a pair of end wall assemblies, one of which is indi- 
cated generally at 18: The generally tubular sidewail 14 
of the waveguide body 12 defines a substantially circu- 
lar cylindrical cavity 15. The waveguide body 12 
includes a flange portion 20 at either end thereof. The 
end wall assembly 18 is secured to the waveguide body 
12 by any suitable means, such as, for example, by 
securing the end wall assembly 18 to the flange portion 
20 using screws (not shown). 

[001 9] The end wall assembly 1 8 includes a first plate 
in the form of a bowed aluminum plate 22 and a second 
plate in the form of an INVAR disk 24. The INVAR disk 
24 includes an outer annular portion 30 that is relatively 



10 



15 



20 



25 



30 



RMRnnrarv <-fp ncrtQAsnAi i ^ 



3 



5 



EP0 939 450A1 



6 



thick, and an inner circular portion 32 that is relatively 
thin. The bowed aluminum plate 22 is attached at the 
periphery thereof to the outer annular portion 30 of the 
INVAR disk 24 by means of bolts 26 and nuts 28. 
Attachment of the bowed aluminum plate 22 to the outer 
annular portion 30 of the INVAR disk 24 can be accom- 
plished alternatively by way of diffusion bonding, eutec- 
tic soldering/brazing, friction welding or welding, by way 
of example. 

[0020] The conf iguration of the end wall assembly 1 8 
at an ele/ated temperature is shown in FIG. 4. The 
bowed aluminum plate 22 has a coefficient of thermal 
expansion which is higher (by a multiplicative factor of 
about ten) chap the coefficient of thermal expansion of 
the INVAR disk 24. As a result of the attachment of the 
periphery of the bowed aluminum plate 22 to the outer 
annular portion 30 of the INVAR disk 24, the peripheral 
region of the bowed aluminum plate 22 is allowed to 
expand only slightly with increasing environmental tem- 
perature, while the central portion of the bowed alumi- 
num plate 22 is free to expand with a resultant 
increased bowing of the bowed aluminum plate 22 due 
to an "oil can" effect. This increased bowing of the 
bowed aluminum plate 22 is enhanced by the ability of 
the INVAR disk 24 to also bend due to a thermally- 
induced bending moment resulting from the difference 
in the coefficients of thermal expansion as between the 
INVAR disk 24 and the bowed aluminum plate 22 (i.e., 
bimetallic effect). 

[0021 ] Because of this enhanced bowing of the bowed 
aluminum plate 22, the bowed aluminum plate 22 can 
have a greater thickness (i.e., increased by approxi- 
mately 100%), as compared to the thickness that would 
be required if the bowed aluminum plate 22 were 
attached to an INVAR or titanium ring (as in the Kich et 
al. '91 1 patent), thus reducing the severity of thermal 
gradients across the surface of the end wall assembly, 
and reducing resultant frequency shifts when RF power 
is applied. The resonator 10 constructed in accordance 
with the present invention can maintain an overall effec- 
tive coefficient of thermal expansion for the cavity 15 
that is approximately one-third of that of a resonator 
made entirely of INVAR. 

[0022] The reverse effect with reduced bowing of the 
bowed aluminum plate 22, occurs upon a reduction in 
the environmental temperatura Although the outer 
annular portion 30 of the INVAR disk 24 is thicker than 
the inner circular portion 32, the outer annular portion 
30 is substantially thinner than the INVAR ring disclosed 
in the Kich et al. '91 1 patent. 

[0023] Cavity resonators employing two or more cavi- 
ties are well known and are within the purview of the 
invention. Such resonators employ the appropriate 
number of coupling irises to effectively divide the hous- 
ing interior into the desired number of appropriately 
dimensioned cavities. 

[0024] While the present invention has been 
described with reference to specific examples, which 



are intended to be illustrative only, and not to be limiting 
of the invention, it will be apparent to those of ordinary 
skill in the art that changes, additions and/or deletions 
may be made to the disclosed embodiments without 

5 departing from the scope of the invention as defined by 
the appended claims. For example, the shape of the 
cavity 15 can be rectangular or elliptical in cross-sec- 
tion, rather than circular, without departing from the 
scope of the invention as defined by the appended 

io claims. 

Claims 

1. An end wall assembly (18) for an electromagnetic 
is filter (10) having a waveguide body (12), the end 

wall assembly (1 8) comprising: 

a first plate (22) made from a material having a 
first coefficient of thermal expansion and being 
20 secured to the waveguide body (1 2); and 

means (24) for thermal compensation of the 
characteristic of the filter (1 0); 
characterized in that 

said compensation means (24) is a second 
25 plate (24) directly attached to the first plate (22) 

and made from a material having a second 
coefficient of thermal expansion substantially 
less than the first coefficient of thermal expan- 
sion. 

30 

2. The end wall assembly (18) of claim 1, character- 
ized in that the first plate (22) is made from alumi- 
num. 

35 3. The end wall assembly (18) of claim 1 or claim 2, 
characterized in that the second plate (24) is made 
from INVAR. 

4. The end wail assembly (18) of any of claims 1 
40 through 3, characterized in that the second plate 

(24) is attached, particularly bolted to the periphery 
of the first plate (22). 

5. The end wall assembly (18) of any of claims 1 
45 through 4, characterized in that the first plate (22) is 

bowed away from the second plate (24). 

6. The end wall assembly (18) of any of claims 1 
through 5, characterized in that said second plate 

so (24) is a continuous plate. 

7. The end wall assembly (18) of any of claims 1 
through 6, characterized in that the second plate 
(24) includes an outer annular portion (30) that is 

55 relatively thick, and an inner circular portion (32) 
that is relatively thin. 

8. The end wall assembly (18) of any of claims 1 
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through 7, characterized in that said first plate (22) 
and said second plate (24) are secured to the 
waveguide body (12). 

9. The end wall assembly of any of claims 1 through 8, 5 
characterized in that the first plate (22) has a 
periphery, that the second plate (24) is attached to 
the periphery of the first plate, and that the periph- 
ery of the f irst plate (22) is substantially constrained 
from radial expansion in response to elevated tern- w 
perature due to the attachment of the second plate 
(24) to the periphery of the first plate (22), the first 
plate (22) is adapted to bow away from the second 
plate (24) in response to elevated 1 temperatures, 
and the first and second plates (22, 24) are adapted is 
to bend in response to elevated temperatures. 

10. An electromagnetic fBter (10) comprising: 

a resonator (10) having a housing (12), the 20 
housing (12) defining a substantially cylindrical 
cavity (15), and an end wall assembly (18) 
adjacent to the cylindrical cavity (15), charac- 
terized in that the end wail assembly (18) is an 
end wall assembly according to any of claims 1 25 
through 9. 

1 1 . The electromagnetic filter (10) of claim 10, charac- 
terized in that the cavity (1 5) is a substantially circu- 
lar cylindrical cavity (15). 30 
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